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In our world the population increasing day after day and governments should be worried 
about this issue. They should take the necessary actions to address this steady increase 
and its impact on development processes which affects the universe in general. Thus 
sustainability is a core issue for today. However, sustainability entails more than green 
architecture or re-using building materials. A city should for example also be an 
attractive place to live with economic potential for its inhabitants. The practice of spatial 
planning greatly influences our environment. Given the importance of cities, we argue 
that sustainability is a necessary mindset of planners. In today’s network society 
geographic information has an increasingly important role to support this mindset. In 
this study explores how spatial information may spur the discussion on planning 
sustainable cities. This is done by analyzing urban survey forms and environmental, 
socio-economic from the questionnaire. Yet, the careful interpretation of geographic 
data into spatial information is essential for the quality of the final result. By means of a 
case study area (city of Al Laith - Kingdom of Saudi Arabia), this study shows how GIS 
and ESDA can be used to describe the sustainability of the city. Six indicators (public 
space, educational level, average income, employment status, carbon dioxide emissions 
and building density) are used to visualize the sustainability of the study area. There are 
some aspects need to be considered in order to achieve a sustainable development of the 
city of Al Laith. We can conclude from this study there are some problems that a 
necessary solution to achieve sustainability of the city of Al Laith. This will be achieved 
through some strategies and policies to make this city more sustainable for current 








Isu peningkatan populasi dapat kian dirasakan setiap hari di seluruh dunia dan 
pemerintah harus mengambil perhatian tentang masalah ini. Penguasa perlu mengambil 
langkah yang sepatutnya dalam menangani peningkatan populasi dan kesan global dari 
proses pembangunan. Oleh itu, kelestarian merupakan isu hangat dibicarakan kini. 
Bagaimanapun, lestari bukan sekadar pembangunan berkonsepkan kehijauan semata-
mata ataupun penggunaan bahan binaan yang dikitar semula. Lestari merangkumi 
keupayaan pembangunan seperti bandar yang mampu menarik kehadiran ramai 
penghuni menetap di situ akibat dari persekitaran yang selesa dan suasana ekonomi yang 
membina. Mengaplikasikan pengurusan spatial adalah sangat berkesan terhadap 
melestarikan persekitaran kita. Dalam pengurusan bandar-bandar besar, penguasa dan 
pemaju masih membahas tentang kelestarian dalam perancangan. Melalui perkembangan 
kepakaran dalam Sistem Maklumat Geografi (GIS) terkini, fungsi dan penerapan bandar 
lestari dapat direalisasikan dengan jayanya. Kajian ini menyelami bagaimana maklumat 
spatial  berupaya membentuk sebuah bandar lestari. Analisa yang dilakukan dalam 
kajian ini adalah berdasarkan hasil soal selidik yang telah dilakukan berkenaan ukuran 
bandaran, alam sekitar dan sosioekonomi. Pemerhatian terperinci dalam data GIS adalah 
penting bagi mengawal kualiti ketepatan hasil analisis. Dangan menggunakan kajian ke 
atas Bandar Al Laith, Kerajaan Arab Saudi, kajian ini mendalami bagaimana GIS dan 
ESDA boleh digunakan bagi kelestarian bandar. Sebanyak enam aspek dikaji (kawasan 
awam, tahap pendidikan, purata pendapatan, status pekerjaan, pelepasan gas karbon 
dioksida dan ketumpatan bangunan) dalam mengukur kelestarian bandar. Beberapa 
aspek yang harus diambil perhatian supaya Bandar Al Laith mencapai status bandar 
lestari. Sebagai kesimpulan kajian, terdapat beberapa kelemahan yang harus ditangani 
bagi menjadikan Bandar Al Laith sebagai satu bandar lestari. Ianya boleh diselesaikan 
melalui beberapa pendekatan strategi dan undang-undang bagi menjadikannya lebih 
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This chapter presents the background information regarding sustainable urban 
development, indicators for measuring the sustainability of urban development, and a 
descriptive spatial statistical approach called the Exploratory Spatial Data Analysis 






1.2 The Background to the Study 
 
 
Allah said in the Holy Quran " ْمُكَرَمْعَتْساَو ِضَْرلأا َنِم ْمَُكأَشَنأ َُوهَاهِيف"  (Surah Hud, Verse 
61) that He created you from earth and He makes it prosperous for you. From this verse, 
Holy Prophet Muhammad explained that Allah has deposited in many human energies, 
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some of which is apparent, and some of which is hidden souls, for use in building land 
and upgrade life. Human carrying responsibility for this universe, that responsibility that 
is part of his nature, is on the whole maintenance of environmental balance on the 
planet. Prophet Muhammad said: “if the Final Day comes upon you while you were 
planting a seed, then continue on planting it.” This is the Islamic concept of sustainable 
development in that human being is maker of development and the first beneficiary of 
revenues, which is part of the universe, a creature from clay, and the whiff top of the 
Spirit of Allah, elements Built in an entity entirely, has held his succession on the 
ground to fill it and develop according to the method of Allah. Therefore, the main 
pillar of the concept of sustainable development is the unity of determination. 
 
 
Sustainable urban development applications require spatial data in order to 
support for decision making. The use of indicators for urban monitoring and regulation 
is becoming more and more in demand (Repetti and Desthieux, 2006). Measuring 
sustainability means we are getting serious about sustainability. It’s scary, as 
undoubtedly it will show we aren’t doing well enough, although everyone suspects that 
anyway. The community wants us to be honest and to show we are trying. (Newman, 
2006). In some cases the municipalities themselves launch the observatory when it is 
apparent that there are problems, in particular in terms of population growth, as was the 
case of JUO (Andreia, Lígia and Rui, 2012). The use of indicators to simplify complex 
phenomena and present it in a communicable form has appealed to different 
organizations (Atkisson, 1999). 
  
 
The concept of sustainable urban development seeks to establish a balance 
between human needs and environmental urban preservation. Urban planners consider 
maintaining sustainable development in expanding and renovating urban areas. When 
an urban area expands into wildlife regions, much care is taken to integrate the 
wilderness with the developing city (Litman, 2007). Sustainable development in urban 
expansion focuses on curtailing the city's production of pollution, increasing the 
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The concept sustainable development soon spread widely after the United 
Nations Conference on Environment and Development in Rio in 1992 (UN, 1992), and 
it has proposed that cities act as a center to solve global environmental problems in the 





1.3 Research Problem 
 
 
In 2003, the (UNHabitat) recommended to the Kingdom of Saudi Arabia (KSA) 
to establish urban observatories for the purpose of monitoring the development of major 
urban areas in the Kingdom. The secretariat of Al Madina Al Munawarah, therefore, 
took the initiative to establish the first local urban observatories in the Kingdom in 
cooperation with the Arab Institute for Urban Development. For the purpose of 
monitoring the development of urban Medina in order to meet the objective of 
Sustainable Urban Medina, a total of 68 indicators were identified – these include 53 
international indicators and 15 local indicators which reflect Medina privacy and data 
elements. Those indicators are used to simplify the measurement of complex 
phenomena and to be able to present it in a communicable form (Atkisson, 1999). Soon 
after that, Jeddah Municipality also established the Jeddah Urban Observatory (JUO) 
with the similar purpose of monitoring the development of one the most rapidly 





The City of Al Laith which is located in the southwest of the kingdom of Saudi 
Arabia is a fast growing urban area. This city is on the road between Jeddah – Jizan but 
located within the region of Mecca. It is located about 220 km to the south of the city of 
Jeddah. The city started as fishermen village as well as a centre for pilgrims coming 
from the south and east of Africa and Ethiopia. Today, the city has grown up to become 
a commercial port for the Kingdom of Saudi Arabia that receives goods mainly from 
Jizan and Yemen to be transported to other parts of the kingdom. With the 
establishment of a number of urban observatories throughout the kingdom in particular 
the neighboring City of Jeddah, the City of Al Laith has taken a preliminary step toward 
determining the sustainability of the city against its planned urban development. 
Therefore, a consulting firm was commissioned to conduct a survey with respect to the 
existing social, economic and environmental conditions of the city for the purpose of 
determining the sustainability. What is the sustainability of the City of Al Laith in term 
of the social, economic and environmental dimensions? How to use ESDA approach to 






1.4 The Main Objective 
 
 
Based on the research questions above, the main objective of this research is to 
visualize the survey data of the City of Al Laith using ESDA approach and GIS to 








1.5 The Objectives and Specific Research Questions 
 
 
In order to support the main objective above, three specific objectives were 
developed together with their respective research questions: 
 
1. To review the concept of urban sustainability and to develop indicators to 
measure the sustainability. 
1.1 What is urban sustainability? 
1.2 What is component of urban sustainability? 
1.3  How to measure the sustainability? 
1.4  How to select appropriate indicators? 
2 To visualize the survey data of Al Laith city in order to describe the 
sustainability of the city. 
2.1 What is ESDA? 
2.2 How to visualize the survey data? 
2.3 How to describe the sustainability using the survey data and 
ESDA 
3 To evaluate the results of the study and to describe the sustainability of 
Al Laith city. 





1.6 Conceptual Framework 
 
 
Figure 1.1 shows the conceptual framework of the study. The survey data 
contain the social, economic and environmental information of the City of Al Laith. 
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This data represents the major input besides maps and identified indicators. The ESDA 
technique will be used to explore the survey data and GIS will be employed to present 
























































Social Economic Environment 
Objective # 1 
Objective # 2 
Objective # 3 
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1.7 Research Design 
 
 
The table below shows the research design for this study. 
 
 











Al laith city 
in order to 
describe the 
sustainability 
of the city 
using ESDA 
1) Review the 
concept of urban 
sustainability and 
develop indicators 
to measure the 
sustainability.  
 
1) What is 
urban sustainability? 
2) What is 
component of urban 
sustainability? 
3) How to 
measure the 
sustainability? 











visualize the survey 
data of Al laith city 
in order to describe 
the sustainability of 
the city. 
1) What is 
ESDA? 
2) How to 
visualize the survey 
data? 
3) How to 
describe the 
sustainability using 









 Map of 
sustainability 
of Al Laith 
city 
3) To analyze 




1) How to 











1.8 The Structure of Thesis 
 
 
This dissertation contains six (6) chapters as follow: 
 
 
Chapter 1, presents the background information regarding sustainable urban 
development, indicators for measuring the sustainability of urban development, and a 
descriptive spatial statistical approach called the ESDA. From these, the problem 
statement, research formulation and justification were derived.  
 
 
Chapter 2, the main objective of this research is to visualize the survey data of 
Al Laith city in order to assess the sustainability of the city using ESDA approach. This 
chapter answers four research questions from objective 1 and one of the questions from 
objective 2. The research questions are: (1) What is urban sustainability?, (2) What is 
the component of urban sustainability?, (3) How to measure the sustainability?, (4) How 
to select appropriate indicators? and (5) The ESDA approach. 
 
 
Chapter 3, the main objective of this research is to visualize the survey data of 
the city of Al Laith in order to describe the sustainability of the city using ESDA 
approach. Therefore, chapter 3 describes the study area in term of its location, 
population structure and economic activities.  
 
 
Chapter 4, this chapter describes the methodology of the research that consists of 
the data used for the study, the development of the study geodatabase and the method 
for visualizing the data using GIS and ESDA. In addition, the main purpose of this 
chapter is to discuss about objective (2) and answer the research questions on: (1) how 
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to visualize the sustainability of the city using the survey data, maps and indicators? and 
(2) how to describe sustainability using GIS and ESDA?   
 
 
Chapter 5, a total of six (6) research questions was answered in chapter (4). 
Chapter (3) describes the study area while chapter (4) explains the survey data of the 
city and the approach on how the survey was explored to describe the sustainability of 
the city of Al Laith. Three (3) research questions were answered in this chapter.      
 
 
Chapter 6, this chapter concludes the research that has been conducted. The city 
of Al Laith, the kingdom of Saudi Arabia, uses selected as the study area for this thesis. 
The main research questions for this study is “what is the sustainability of the city of Al 
Laith in term of the social, economic and environmental dimension?” based on this 
main research question, the main objective of the research was to visualize data on the 
city of Al Laith in order to describe the sustainability of the city using ESDA approach. 









Atkissson, A. (1999). ‘Developing indicators of sustainable community: lessons from 
sustainable Seattle’, Environmental Impact Assessment Review 16(4-6), pp. 
337-50. 
Astleithner, F., Hamedinger, A., Holman, N., and Rydin, Y. (2004). Institutions and 
indicators The discourse about indicators in the context of sustainability.Journal 
of Housing and the Built Environment, 19, 1, 7-24. 
Amy, J. L., Stuart, A., Theodore, E., John, R., Kenneth, S., and Eugenie, L. B. (2011).  
Report to the Office of International and Philanthropic Innovation, Office of  
Policy Development and Research, U.S. Department of Housing and Urban 
Development.  
Andreia, C. F., Lígia, T. S., and Rui, R. R. (2012). Urban Observatories, Tools for 
Monitoring Cities. International Conference on Energy, Environment, 
Ecosystems and Sustainable Development (EEESD '12). Faro, Portugal. Vol 1, p 
259-264. 
American Planning Association. (1917). Accessed 3/5/2013.  
              <http://www.planning.org/aboutplanning/whatisplanning.htm> 
Bulkeley, H. and Betsill, M. (2005). Rethinking Sustainable Cities: Multilevel 
Governance and the 'Urban' Politics of Climate Change, Environmental Politics, 
14:1, 42-63. 





Black, J. A., Paez, A., and Suthanaya, P. A. (2002). Sustainable Urban Transportation: 
Performance Indicators and Some Analytical Approaches. Journal of Urban 
Planning and Development, 128, 184-209. 
Broekhof, S., and Van Marwijk, R. (2012). The Role of Spatial Information for Planning 
Sustainable Cities. Paper presented at the Proceedings of FIG Working Week 
2012 on Knowing to Manage the Territory, Protect the Environment, Evaluate 
the Cultural Heritage. Rome, Italy 6-10 May 2012. 
Brundtland Report. (1987). Report of the World Commission on Environment and 
Development, Our Common Future. Oxford University Press in 1987. 
Brunsdon C. and Charlton M. (1996) Developing an exploratory spatial analysis system 
in XLisp-Stat. In Parker D. (ed) Innovations in GIS 3, Taylor and Francis, 
London, 135-146. 
Berlin Declaration on the Urban Future. (2000). Declaration of the official 
(governmental) Urban 21 Conference, 6 July 2000.  
Corbiere-Nicollier, T., Ferrari, Y., Jemelin, C., Jolliet, O. (2003). Assessing 
sustainability: an assessment framework to evaluate Agenda 21 actions at the 
local level. International Journal of Sustainable Development and World 
Ecology 10, 225–237. 
Commission Of The European Communities. (2008). Communication From The 
Commission To The European Parliament, The Council, The European 
Economic And Social Committee And The Committee Of The Regions. 
European Commission 2008.   
Fujiwara, A., Lee, B., Zhang, J., Cruz, D., (2005). Evaluating Sustainability of Urban 
Development in Developing Countries Incorporating Dynamic Cause-Effect 
Relationships Over Time. Journal of the Eastern Asia Society for Transportation 
Studies. Vol. 6, pp 4349-4364. 
Haining R.P. (1993) Spatial Data Analysis in the Social and Environmental Sciences.  
Cambridge University Press.  
Haining, R.P.,  and Wise, S. (1997). Exploratory Spatial Data Analysis, NCGIA Core 
Curriculum in GIScience, Accessed 12/4/2013. 




Hasna, A. M. (2007). "Dimensions of sustainability". Journal of Engineering for 
Sustainable Development: Energy, Environment, and Health 2 (1): 47–57. 
Holden, M. (2006). Urban indicators and the integrative ideals of cities. Cities 23 (3), 
170–183. 
JUO, (2011). Jeddah Urban Observatory. Accessed 10/4/2013.  
              <http://juo.jeddah.gov.sa/en/Content/what_is_urban.asp>.  
Kondyli,. Julia. (2010). Measurement and evaluation of sustainable development: A 
composite indicator for the islands of the North Aegean region, Greece. 
Environmental Impact Assessment Review, 30(6), 347-356.  
König, H., and G. Muggenhuber. (2009). Spatial Information for Urban Areas – Case 
Study Vienna. Paper presented at International Workshop on Spatial Information 
for Sustainable Management of Urban Areas. FIG Commission 3, Mainz, 
Germany, 2 – 4 February 2009. 
Litman, T. (2007)."Developing indicators for comprehensive and sustainable transport 
planning". Journal of the Transportation Research Board, 2017, 10-15. 
McKeown, R. (2002). Progress Has Been Made in Education for Sustainable 
Development? Applied Environmental Education and Communication. Vol. 1, 
no. 1. p. 21. 
Mega, V., and Pedersen, J. (1998). Urban sustainability indicators. Dublin, Ireland. 
Melbourne City Council. (2001). City plan 2010-towards a thriving and 
sustainable city.  
Munier, N. (2011). Methodology to select a set of urban sustainability indicators to 
measure the state of the city, and performance assessment. Ecological Indicators, 
11 (5), 1020-1026. 
Newman, P. (2006). The environmental impact of cities. Environment and Urbanization, 
18(2), 275-295.  
Openshaw, S. (1994) Two exploratory space-time attribute pattern analyses relevant to 
GIS. In Fotheringham S., Rogerson P. (eds.) Spatial Analysis and GIS. Taylor 




Parker, P. (1995) ‘From sustainable development objectives to indicators of progress: 
options for New Zealand communities’, New Zealand Geographer 51 (2), pp. 7-
50. 
Rydin, Y. (2007). ‘Indicators as a governmental technology? The lessons of community 
based sustainability indicator projects’, Environment and Planning D: Society 
and Space 25 (4), pp. 24-601. 
Repetti, A., and Desthieux, G. (2006). A relational Indicator sets Model for urban land-
use planning and management: Methodological approach and application in two  
case studies. Landscape and Urban Planning. 77(1-2):196-215. 
Smith, T., Nelischer, M., and Perkins, N. (1997). Quality of an urban community: a 
framework for understanding the relationship between quality and physical 
form. Landscape and Urban Planning 39 (2-3): 229-241. 
Shen, L. Y., Ochoa, J. J., Shah, M. N., and Zhang, X. (2011). The application of urban 
sustainability indicators – A comparison between various practices. Habitat 
International. 35 (2) 17-29. 
Sutton, P.W. (2000). Explaining Environmentalism: In Search of a New Social 
Movement: Ashgate. 
Tanguay, J. Rajaonson, J, F. Lefebvre, and Lanoie,L,P. (2010). Measuring the 
sustainability of  cities: An analysis of the use of  local indicators, Ecological 
Indicators, No10, pp. 407- 418. 
UN (1992). The United Nations Conference on Environment and Development. Rio de 
Janeiro, 3-14 June, AGENDA 21. 
UN (1996). Indicators of Sustainable Development. Framework and Methodologies. 
United Nations, New York. 
UN (2001). Indicators of Sustainable Development. Guidelines and Methodologies. 
United Nations, New York. 
UNCSD, U. N. C. O. S. D. (2001). "Indicators of Sustainable Development. Framework 
and Methodologies, "Commission on Sustainable Development" ninth Session, 
16 - 27 April 2001 Background Paper No. 3. New York, UN 





United Nations Statistical Institute for Asia and Pacific (2007). Building administrative 
data systems for statistical purposes-addressing training issues and needs of 
countries. Inception/regional workshop on reta6356: Improving administrative 
data sources for the monitoring of the MDG indicators. Bangkok, Thailand. 
Valentin, A., and J. H. Spangenberg (2000). "A guide to community sustainability 
indicators." Environmental Impact Assessment Review 20. 
Winkleby, M.A., Jatulis, D.E., Frank, E., and Fortmann, S.P. (1992). Socioeconomic 
status and health: how education, income, and occupation contribute to risk 
factors for cardiovascular disease, American Journal of Public Health, 82:6, 816-
820. 
World Conservation Union (IUCN) (2006), The Future of Sustainability: Re-thinking 
Environment and Development in the Twenty-first Century, accessed 8/5/2013.  
<http://cmsdata.iucn.org/downloads/iucn_future_of_sustanability.pdf>. 
Xiaohuan, Z., Shuming, B., and Baijun W. (2010). Urban and regional analysis with 
spatial statistics and GIS: A case study of Yangtze River Delta, China, 
Geoinformatics, 18th International Conference on Geoinformatics, 18-20 June 
2010, 1-8. 
 
  
